Endothelial vacuolization induced by highly permeable silicon membranes.
Assays for initiating, controlling and studying endothelial cell behavior and blood vessel formation have applications in developmental biology, cancer and tissue engineering. In vitro vasculogenesis models typically combine complex three-dimensional gels of extracellular matrix proteins with other stimuli like growth factor supplements. Biomaterials with unique micro- and nanoscale features may provide simpler substrates to study endothelial cell morphogenesis. In this work, patterns of nanoporous, nanothin silicon membranes (porous nanocrystalline silicon, or pnc-Si) are fabricated to control the permeability of an endothelial cell culture substrate. Permeability on the basal surface of primary and immortalized endothelial cells causes vacuole formation and endothelial organization into capillary-like structures. This phenomenon is repeatable, robust and controlled entirely by patterns of free-standing, highly permeable pnc-Si membranes. Pnc-Si is a new biomaterial with precisely defined micro- and nanoscale features that can be used as a unique in vitro platform to study endothelial cell behavior and vasculogenesis.